BACKGROUND: Traditional risk factors, particularly obesity, do not completely explain the excess risk of diabetes among African Americans compared to whites. OBJECTIVE: We sought to quantify the impact of recently identified, non-traditional risk factors on the racial disparity in diabetes risk. DESIGN: Prospective cohort study. PARTICIPANTS: We analyzed data from 2,322 AfricanAmerican and 8,840 white participants without diabetes at baseline from the Atherosclerosis Risk in Communities (ARIC) Study. MAIN MEASURES: We used Cox regression to quantify the association of incident diabetes by race over 9 years of in-person and 17 years of telephone follow-up, adjusting for traditional and non-traditional risk factors based on literature search. We calculated the mediation effect of a covariate as the percent change in the coefficient of race in multivariate models without and with the covariate of interest; 95 % confidence intervals (95 % CI) were calculated using boot-strapping. KEY RESULTS: African American race was independently associated with incident diabetes. Body mass index (BMI), forced vital capacity (FVC), systolic blood pressure, and serum potassium had the greatest explanatory effects for the difference in diabetes risk between races, with mediation effects (95 % CI) of 22.0 % (11.7 %, 42.2 %), 21.7 %(9.5 %, 43.1 %), 17.9 % (10.2 %, 37.4 %) and 17.7 % (8.2 %, 39.4 %), respectively, during 9 years of in-person follow-up, with continued effect over 17 years of telephone follow-up. CONCLUSIONS: Non-traditional risk factors, particularly FVC and serum potassium, are potential mediators of the association between race and diabetes risk. They should be studied further to verify their importance and to determine if they mark causal relationships that can be addressed to reduce the racial disparity in diabetes risk.
INTRODUCTION
African Americans are disproportionately affected by the diabetes epidemic. Estimates from the National Health and Nutrition Exam Survey (NHANES) [2005] [2006] found that the prevalence of diabetes among African Americans is 70 % higher than that of non-Hispanic whites after adjustment for differences in sex and age. 1 Many factors are thought to contribute to the higher incidence of diabetes among African Americans, including differences in socioeconomic status, diet, behavioral factors, as well as related comorbidities, particularly obesity. 2 Prior analysis of data from the Atherosclerosis Risk in Communities (ARIC) Study found that, among traditional risk factors, obesity accounted for almost 50 % of the excess risk of diabetes among African Americans compared to whites, particularly in women. 3 However, excess risk of diabetes is not completely explained by traditional risk factors, and there are likely other environmental, cultural, metabolic, and genetic factors that contribute to the increased risk. (online Appendix Fig. 1 ) Recent studies have identified newer or non-traditional risk factors for diabetes. These non-traditional risk factors include measures related to chronic inflammation and hemostasis, metabolic abnormalities, anthropometric measures, as well as genetic markers. 4 These non-traditional risk factors vary in their relevance to diabetes-some may be related to the pathogenesis of diabetes, such as measures indicating chronic inflammation and endothelial dysfunction, while others may only be markers of diabetes risk.
These non-traditional risk factors of diabetes have generally been identified through analysis of prospective cohort studies, including the ARIC cohort, but have not been systematically and simultaneously investigated as potential mediators of the racial disparity in diabetes risk. Determining if and which non-traditional risk factors mediate the racial disparity in diabetes risk may suggest biological or environmental causes of this disparity. Identification of mediators of the racial disparity in diabetes risk may help target areas for further research and development of tailored interventions for diabetes prevention. Therefore, utilizing the available data from the ARIC Study, we sought to test the hypothesis that non-traditional risk factors explain a substantial portion of the excess risk of diabetes in African Americans compared to whites, and to determine which of these non-traditional risk factors have the greatest impact on this excess risk.
METHODS
The Atherosclerosis Risk in Communities (ARIC) Study is a prospective cohort of 15,792 adults between the ages of 45 and 64 years of age at baseline. The participants were recruited from four US communities-Forsyth County, North Carolina, Jackson, Mississippi, Minneapolis, Minnesota, and Washington County, Maryland. All participants from Jackson were African American, while participants from Forsyth County included both African Americans and whites. The other 2 communities recruited primarily white participants. All participants attended an initial baseline visit between 1987 and 1989. Three subsequent visits took place at approximately 3-year intervals for 9 years of in-person follow-up. Follow-up was subsequently conducted yearly, primarily through telephone contact, with an additional 8 years (through 2006) of data included for these analyses. Details of the design and conduct of the ARIC study have been published previously. 5 Institutional review boards at each of the participating institutions approved the study, and informed consent was obtained from each participant.
Exclusions
We excluded participants sequentially from this analysis if, at the baseline visit, they had diabetes (n=1870), defined similarly as the main outcome. 6 We further excluded participants with abnormally high serum potassium (> 5.5 mEq/L; n=156) who potentially had abnormal homeostatic mechanisms of potassium handling; ethnicity other than African American or white (n =44); African American race from centers with minimal minority representation (n=36); fasting less than 8 h (n=257); a serum creatinine >1.7 mg/dL (n=75), given that potassium handling is different in those with renal disease compared with those with normal renal function; or missing information on incident diabetes or other relevant covariates (n=2192). Our final study sample consisted of 11,162 (2322 African American and 8,840 white) participants.
Incident Type 2 Diabetes Mellitus
The main outcome was incident diabetes, defined as 1) fasting glucose ≥ 126 mg/dL, 2) non-fasting glucose ≥ 200 mg/dL, 3) participant report of a physician diagnosis, or 4) use of medications, including oral agents and insulin, to treat diabetes during the 9 years of in-person follow-up. 6 For this definition, the date of onset of diabetes was estimated by linear interpolation using fasting glucose values at the visit at which diabetes was ascertained and the immediately preceding visit. 6 To confirm the robustness of the main findings, we conducted analyses with an alternative definition of incident diabetes and longer duration of follow-up. First, we limited the definition of diabetes to self-report of physician diagnosis or use of diabetes medications through visit 4 (year 9 of followup), thereby excluding cases of undiagnosed diabetes. This interview-based approach allowed us to extend follow-up beyond the final in-person clinic visit to include data from annual telephone calls. For our second analysis using selfreport as our definition of incident diabetes, we use data through 2006 (years 17-20 of follow-up). For both analyses using outcome of self-reported diabetes, the date of onset of diabetes was defined as the date of the interview in which diabetes was first reported.
Race
The main exposure in our assessment of mediation was selfreported race, African American or white, obtained at an inperson interview at the baseline visit.
Covariates
We evaluated traditional demographic and lifestyle risk factors, including age; sex; leisure, work, and sports-related physical activity levels; 7 parental history of diabetes; presence of hypertension; use of antihypertensive medications that may affect potassium (K+) levels or diabetes risk, including betablockers, angiotensin-converting-enzyme inhibitors (ACE-I), and diuretics; combined family income; education; and smoking history. These variables were obtained at an in-person interview at the baseline visit. Other traditional risk factors that we evaluated included anthropometric and blood pressure measurements and laboratory measurements, all of which were obtained by trained personnel and processed in a standardized fashion. (Table 1) 3, 5, 8 We searched PubMed and the ARIC publications repository, through July 2010, for observational cohort and case-cohort studies identifying significant non-traditional risk factors of diabetes. We selected non-traditional risk factors that were measured in a majority of ARIC participants at the baseline exam using standardized procedures described above. The variables included in our analyses were: serum electrolytes--potassium, magnesium, and calcium; 8, 9 serum uric acid; 10, 11 serum albumin; 12 dietary factors, including total fiber, cereal fiber, and coffee intake; 13, 14 resting heart rate; 15 coagulation measurements, including activated partial thromboplastin time (aPTT), von Willebrand factor (vWF), factor VIII:C; 16 hematologic measurement of white blood cell count (WBC) and hematocrit; 17, 18 actual forced vital capacity (FVC); 19 leg length; 20 and non-traditional measures of socioeconomic status including dental care use patterns, occupation held longest, and number of years at current residence, which were variables collected during ARIC interviews and thought 'a priori' to be important variables to consider, in addition to education and income, to account for socioeconomic differences by race. All covariates considered were obtained at the baseline visit except for the non-traditional measures of socioeconomic status that were obtained at different visits, but which were considered unlikely to change over the time of the study.
Statistical Analyses
We compared the mean and standard deviation or frequency of baseline characteristics of the study population by race using Student's t-tests for continuous variables, which were normally distributed and Pearson's chi-square tests for categorical variables. We used Cox proportional hazard regression models to quantify the association between race and risk of incident diabetes, adjusting for the traditional and non-traditional risk factors mentioned above. Models were checked for multicollinearity using variance inflation factors.
We calculated the mediation effect of each continuous covariate on the association between race and risk of diabetes if the variable met the following two criteria for being a potential mediator: 1) race was associated with the variable; and 2) the variable was significantly associated with incident diabetes after adjustment for race (P value<0.05). We calculated the mediation effect of a covariate as the percent change in the coefficient of race in models without and with the covariate of interest, initially including all mediators. In our final models, we included only those traditional risk factors, as well as those non-traditional risk factors which had statistically significant mediation effects, either positive or negative. Confidence intervals of 95 % (95 % CI) were calculated using boot-strapping with replacement (1000 samples). 21 All P values were two-sided, and a P value of < 0.05 was considered to be statistically significant. All statistical analyses were conducted using SAS 9.1.3 (SAS Institute, Cary, NC) and STATA/SE 10.1 (College Station, TX).
We conducted a sensitivity analysis restricting our analyses to participants from Forsyth County (n=2,944), which is the only center that had a significant racially-mixed population (whites, n=2,689; African Americans, n=255). We performed the same mediation analyses as in the full cohort to determine if the mediation effects of risk factors followed a similar pattern in this community as in the full cohort.
RESULTS
At baseline, there were statistically significant differences between African Americans and whites in all covariates, Table 2) . In our initial model including all covariates, only a few variables had statistically significant positive or negative mediation effects (online Appendix Table 5 ). Our final model included traditional risk factors and those non-traditional risk factors that had statistically significant positive or negative mediation effects on the association between race and incident diabetes (Table 3 ). BMI and FVC had the greatest mediation effect (95 % CI) of 22.0 % (11.7 %, 42.2 %) and 21.7 % (9.5 %, 43.1 %), respectively, followed by SBP and serum potassium, which had mediation effects (95 % CI) of 17.9 % (10.2 %, 37.4 %) and 17.7 % (8.2 %, 39.4 %) respectively. Factor VIII:C had a statistically significant but smaller mediation effect (95 % CI) of 13.1 % (5.5 %, 28.8 %) ( Table 3) .
We found that adjustment for certain variables, including WHR, smoking pack-years, and WBC, strengthened the association between African American race and incident diabetes, rather than explaining and attenuating risk compared to whites.
Sensitivity Analyses
In analyses using a diabetes outcome based on self-report over both a 9-year period and a 17-year period, FVC, BMI, systolic blood pressure, and serum potassium continued to be the variables with the greatest mediation effects. (Table 4) In our sensitivity analysis limited to African American and white participants who were recruited from Forsyth County, African Americans were at a similarly higher risk of diabetes compared to whites as in the total population [age-adjusted and sex-adjusted HR (95% CI) 2.46 (1.83, 3.32)]. In this subsample, the pattern of mediation was similar to that found in the total population for our final model, with mediation effects (95 % CI) being greatest for FVC, 22.6 % (−4.9 %, 133.0 %); however, none of the variables had statistically significant mediation effects in this small subcohort.
DISCUSSION
Analyses of these longitudinal data on a community-based biracial cohort of middle-aged adults confirm that African Americans are at higher risk for incident type 2 diabetes compared to their white counterparts, and that racial differences in adiposity and other traditional risk factors only partially explain their excess risk. Two non-traditional risk factors in particular-low FVC and low serum potassium-appear to play as significant a role as adiposity as mediators of excess diabetes risk in African Americans.
While an association between lung function and diabetes risk has clearly been found, the direction of this association is not clear. 21 The mechanism(s) through which reduced lung function, and specifically reduced FVC, may increase risk of diabetes is unclear. One possibility is that FVC, as measured in most contexts, is reduced by central adiposity. 21 Low measured FVC would, under this hypothesis, simply be a proxy for central adiposity in its role, above and beyond BMI and even WHR, both of which were adjusted for in our final model, as a risk factor for incident diabetes. Another possibility is that low FVC has also been linked to markers of adverse environmental factors in early development, including maternal socioeconomic status and birth-weight, which have also been found to be linked to increased diabetes risk. 21 Finally, persistent diabetic-range hyperglycemia re- We calculated the mediation effect of a covariate as the percent change in the coefficient of race in models without and with (fullmodel) the covariate of interest duces lung elasticity, 21, 22 and it is plausible that racial disparities in glycemia in the non-diabetic range may also adversely affect FVC. 22 In none of these three scenarios does FVC emerge unequivocally as a causal risk factor, but rather as subclinical marker for other adverse exposures.
Racial disparities in FVC are well recognized. Data from the Third National Health and Nutrition Examination Survey demonstrate FVC about 12 % lower in African American men and women compared to their white counterparts. 23 Pulmonologists routinely use a racial correction factor in lung function measurement to fit race-based norms. 23 Several studies have identified obesity, socioeconomic status, low birth-weight, and inappropriate standard references for measurements among the causes for this racial disparity in lung function. 21, 23 It is important to clarify the nature of this association to determine if low FVC can simply be used for prediction of diabetes risk, if interventions should be developed to target lung function specifically, or if efforts should be directed towards promoting weight loss, particularly amongst African Americans to help reduce the racial disparity in diabetes risk.
The association between risk of diabetes and lower serum potassium has been studied primarily among users of thiazide diuretics. Studies re-analyzing data from antihypertensive trials have found that serum potassium may mediate the association between exposure to thiazide diuretics and diabetes risk, with lower serum potassium being associated with higher glucose levels. [22] [23] [24] [25] Two cohort studies have found that low-normal serum potassium was associated with increased risk of diabetes compared to higher serum potassium independent of diuretic use. 9, 26 Studies utilizing glucose clamps revealed that induction of low serum potassium in healthy participants induced impaired glucose tolerance through a reduction in sensitivity of pancreatic beta-cells to glucose loads and decreased insulin secretion. 27, 28 Potassium homeostasis appears to differ by race: hypertensive African Americans have a greater blood pressure-lowering effect with potassium supplements compared to whites, decreased urinary excretion of potassium with similar dietary potassium intake, and a faster decline of total potassium stores with age compared to whites. [29] [30] [31] [32] [33] [34] [35] [36] African Americans also tend to have reduced dietary intake of potassium compared to whites. 9, 37 Further study is needed to determine the mechanism of effect of potassium on glucose metabolism and long-term diabetes risk and to determine if and how this differs by race. Further study is needed to determine if interventions to raise serum potassium might be beneficial at reducing the risk of diabetes, particularly in African Americans.
Several limitations of this study deserve to be mentioned. First, there may be measurement error in the assessment of our exposures as well as outcome of incident diabetes, which did not include measurements of 2-hour oral glucose tolerance tests or hemoglobin A1c levels. Measurement techniques for most of the variables assessed have been validated, however, including the use of self-reported data for determining incident diabetes. 38 Secondly, although this study has a biracial population, the African Americans and whites in this cohort may not be representative of all African Americans and whites, and so results may not be generalizable. The majority of African Americans in this study came from one study site, so even within this cohort, there may be confounding of the association between race and diabetes risk by geography. We did, however, analyze data separately from the Forsyth County, North Carolina field center and found a similar pattern of mediation effects as in the larger cohort, although results were not statistically significant, likely due to the small sample size.
A limitation of mediation analyses is that we assume a direct causal relationship between the exposure and outcome, which may be incorrect. There are also likely other mediators of the association between race and diabetes risk. We limited our analyses to the variables available in a majority of the cohort in our data set and did not include other potential mediators available in a small subset of the cohort, including other markers of inflammation and measures of oxidative stress; we also did not include any genetic markers associated with diabetes. Additional follow-up, replication of our results in other cohorts, and assessment of other risk factors measured in other cohorts should be pursued. We excluded many participants who had incomplete data, and this may limit the generalizability of our results. The confidence intervals for our mediation statistics were quite wide; however, a similar pattern of significant mediators emerged with our sensitivity analyses. Also, given that we were exploring the mediation effect of several variables in each model, we cannot exclude the possibility of a type I error based on multiple comparisons. However, to try to minimize this potential error we used a final Diabetes outcome based on self-report of physician diagnosis or use of diabetes medications model that included only those non-traditional risk factors that had statistically significant positive or negative mediation effects, thus limiting the number of variables in our model. This study has several implications. First, despite several decades of epidemiologic work on the subject, we have not yet identified key causal factors behind the excess risk of type 2 diabetes in African Americans. Second, systematic racial differences in FVC appear to mediate a significant proportion of excess diabetes risk and warrant more scientific attention in regards to causation. Third, the finding that low serum potassium, a potentially modifiable risk factor, is a strong mediator of racial disparities warrants confirmation, both in other cohort studies and possibly in trials of potassium supplementation designed to raise serum potassium levels in African Americans at risk for type 2 diabetes. Finally, non-traditional risk factors of diabetes should be studied further to verify their importance and to determine if they mark causal relationships that can be addressed to reduce the racial disparity in diabetes risk. Combined effect of leisure, work, and sports-related physical activity levels c Combined effect of use of either beta-blockers, angiotensinconverting enzyme inhibitors, or diuretics
